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Graphs in Cultures: A Study in Ethnomathematics 
MARCIA ASCHER 
Western culture is but one of several with an interest in continuous figure-tracing. This 
paper elaborates evidence of that interest in Oceania with emphasis on the ideas of the 
Malekula. Included are the figures, with cultural context, and with associated geometric and 
topological ideas. For many Malekula figures there is a record of actual order and direction 
of the tracing of each edge. This enables us to analyze their procedures and to show that 
basic procedures were transformed and combined into larger systematic procedures. 
t 1988 Academic Press. Inc. 
Die westliche Kultur ist nur eine von mehreren, die sich fiir stetiges Figurenziehen in- 
teressiert. Dieser Aufsatz zeigt deutlich dieses Interesse in Ozeanien auf, wobei die Ideen 
der Malekula besonders beriicksichtigt werden. Beigegeben sind die Figuren mit dem 
kulturellen Kontext und den dazugehiirigen geometrischen und topologischen Ideen. Fiir 
viele Malekula-Figuren wird die jeweilige Ordnung und Richtung beim Ziehen jeder Kante 
verzeichnet. Dies versetzt uns in die Lage, ihre Verfahren zu analysieren und aufzuzeigen. 
da0 grundlegende Verfahren in gr&ere. systematische Verfahren transformiert und kombi- 
niert wurden. i, 1988 Academic Pre\\. Inc. 
La culture occidentale est une parmis celles qui sont interessees g tracer contintiment des 
figures. Cet article dCmontre clairement que cet int&Ct existe en Oceanic en mettant I’accent 
sur les idtes des Malekula. Les figures sont incluses ainsi que le contexte culture1 et les idles 
gComCtriques et topologiques associees. Pour beaucoup de figures des Malekula on note 
I’ordre actuel et la direction de chaque arete. De cette man&e nous pouvons analyser leurs 
pro&d& et dCmontrer que des pro&d& fondamentaux etaient transformis et combines 
dans des pro&d& systematiques plus amples. i 19X8 Acxdrmic PEO. Inc 
AMS 1985 subject classifications: 05-03. OIA99. 
KEY WORDS: Eulerian graphs, tracing procedures, symmetry, Oceania, ethnomathematics. Danish 
folk-puzzles. 
I. INTRODUCTION 
In his 1926 work, Sainte-LaguZ noted that the question of whether or not a 
graph can be traced with a single continuous line, although first posed by Euler, 
must have had a broader dispersion. He pointed to the legend of the signature of 
Mohammed and the designs used by Clauson and Listing [Sainte-Lague 1926, 121. 
Although Sainte-Lague did not elaborate further, his statement recognized that a 
question in the domain of professional Western mathematicians can also exist in 
Western folk-cultures and in non-Western cultures. 
The signature of Mohammed (Fig. 1) may be an artifact of Western mathemati- 
cians who wrote recreational books. The legend that the figure was traced in the 
sand by Mohammed with the point of his scimitar appears in books by Lucas 
[1891, 361 and Ball [1892, 1761 but, thus far, my efforts to find an Islamic scholar 
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FIG. 1. Mohammed’s signature [Lucas 1891. 361. 
familiar with the figure have been unsuccessful. The figure used by Clauson and 
repeated by Listing is, however, found to be part of a collection of 19th century 
Danish folk-puzzles [Kamp 18771. At a party, an alternative activity to dancing 
was tracing figures on a table top in one move without lifting the chalk. Some of 
these traditional figures are shown in Fig. 2. The figures shown in Fig. 3 were 
a h 
FIG. 2. Danish folk-puzzles [Kamp 18771. (a) The double heart (also found on red clay pots in West 
and Middle-Jutland; and from West-Seeland and Laaland). (b) The nightmare cross or eight corner. (c) 
The seven star. (Both it and the eight comer are said to be similar to figures found on a large gold horn 
artifact from Viking times.) (d) Fortenases’ or Fortunatun’s purse (from East-Funen). (e) Usually 
found associated with a sign read by people as “Jesus, the Lord’s Son” (from West-Seeland). (f) The 
lock to the gate of Hamburg (from West-Seeland). (g) Hamburg gate lock (from North-east-Seeland). 
(h) The key to the Hamburg gate (so called only in Randers, a city in eastern Middle-Jutland). 
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a. b. 
FIG. 3. Danish folk-puzzles [Kamp 18771. 
drawn on the table and had to be modified. The goal in Fig. 3a is to delete the 
entire figure in only three moves and Fig. 3b has to have three line segments 
deleted such that the remaining figure consists of three squares traceable in one 
continuous move. Since all the figures in Fig. 2 have only vertices of even degree, 
each can be drawn in one continuous move without retracing any part, starting at 
any point and ending where one began. (The degree of a vertex is the number of 
edges that meet at the vertex; a vertex is odd or even depending on its degree.) 
The traditional solution to Fig. 3b was to delete the line segments forming the 
upper right corner and the central vertical segment on the left, thus changing the 
figure from one including four odd vertices to one in which all vertices are even. 
The goal stated for Fig. 3a could not be accomplished. I do not know the source or 
inspiration for Clauson’s figure but it is this same Fig. 3a for which he noted that a 
minimum of four moves is needed [Clauson 18441. Listing reproduced the figure 
and stated the more general case that a figure with 2n odd vertices requires n 
moves [Listing 1847,601 and, again reproducing Fig. 3a, Lucas provided the more 
general proof [Lucas 1891, 37, 2231. Within the Danish folk tradition these figures 
provide recreation but also have names, reflect a shared environment, and perpet- 
uate shared beliefs. What is more, two of them (Figs. 2b and 2c) are said by the 
collector to have magical significance, and two (Figs. 2f and 2g) are said to be 
useful in witchcraft. Thus, when viewed within their cultural context, these fig- 
ures are more than just evidence of interest in a graph theoretic question. 
The eminent philosopher, Ludwig Wittgenstein, when trying to define the es- 
sence of mathematics, pointed to the figure-tracing problem as one that everyone 
could recognize as mathematical [Wittgenstein 1956, 174e]. Saint-Lague’s intui- 
tion was correct: Westerners, whether they be professionals or non-professionals, 
are members of but one culture that has this mathematical interest. I defined 
ethnomathematics to be the serious study of the mathematical ideas of nonliterate 
peoples [Ascher & Ascher, 19861. Since nonliterate cultures have no professional 
classes particularly devoted to the doing of mathematics, the ideas are to be found 
implicit in other activities and expressed in a way appropriate to that culture. 
When discussing the ideas it is essential that they be seen in their cultural context. 
Without that they become a pale reflection of ourselves lacking motivation, delib- 
eration, and significance. Here, the mathematical idea of figures traced continu- 
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MAP 1. The South Pacific (the shaded areas are shown enlarged on Map 21. 
ously is the central thread. However, when figures and drawing processes are 
examined, other geometric ideas emerge. They too will be discussed since it is the 
ideas that are of importance not the superimposition of our categories. As with 
any work in ethnomathematics, however, what I see and what I can express is 
confined to ideas in some way analogous to our own. Substantial evidence for a 
concern with continuous figure tracing has been found in cultures in two widely 
separated geographic areas, the Angola/Zaire/Zambia region in Africa and the 
New Ireland/Vanuatu regions in Oceania (see Map 1). Here I will elaborate the 
Oceanic cases including: the figures and the cultural contexts in which they arise, 
that is, their place and meaning in the culture: I will examine associated geometric 
concerns about the figures evidenced by the culture, and, where possible, include 
tracing procedures and algorithms. At another time, 1 will elaborate the cases in 
Africa. The ideas of these non-Westerners belong, as do ours, in the global and 
ongoing history of mathematics. 
2. THE NEW IRELAND/VANUATU REGIONS IN OCEANIA 
Concern for continuous sand drawings has been reported for two groups in 
Oceania. The groups differ considerably as do the depths of their graphic con- 
terns. 
A. For the people of New Ireland the reports are scant and suggest that the 
concern is relatively slight. However, it is the directness of one of their statements 
that is noteworthy. 
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a. b. c. 
FIG. 4. Sand drawing from New Ireland. (a) Four log-drums (item I. Table I). (b) The fruit of a wild 
vine (item 2). (c) The thing for which one has been killed (item 3). S is the starting and ending point. 
Three figures have been specifically reported although there are probably others 
[Bell 1935; 19361. Each of the three is a simple closed curve. They all, of course, 
are isomorphic but, in addition, they are variations on the same visual theme. 
Figure 4a was drawn on a sandy beach on the island of Boang (see Map 2). It 
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MAP 2. The New Ireland and Vanuatu regions. 
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represents four log-drums but, according to its collector, the intent of such draw- 
ings is “to surprise and intrigue the onlooker with their complexity” as the curves 
are drawn continuously ending where they began [Bell 1935, 161. The other two 
(Figs. 4b and 4c) are from Namatanai on New Ireland; one represents the fruit of a 
wild vine and the other is named “the thing for which one has been killed.” 
According to the story related with the drawing, the figure was drawn in the sand 
by a woman who then challenged her husband to trace it in its entirety beginning 
and ending at point S. But, while he slept, she slightly altered the figure so that, 
although he tried several times, the husband could not trace the entire figure. In 
anger he picked up his club and killed his wife. The alteration was connecting B to 
C and D to E while erasing BE and CD; that is, the wife changed the connected 
figure to a disconnected figure. The story leaves no doubt that the New Irelanders 
are conscious of this distinction and its figure tracing implications. 
B. The Republic of Vanuatu, called the New Hebrides before its independence 
in 1980, includes a chain of some 80 islands stretching over about 800 km with an 
indigenous population of close to 95,000. Malekula, one of the two largest islands, 
constitutes about one-fourth of Vanuatu’s area. Exploitation of this island by 
Europeans began in about 1840. The social and psychological effects of colonial 
rule and the introduction of European diseases reduced the population by about 
55% between the 1890s and 1930s [Gathercole 1984; Laracy 19811. The culture 
area of interest here includes principally Malekula and the islands of Vao and 
Atchin just off its coast but also extends to the nearby islands of Omba, Pentecost, 
and Ambrym (see Map 2). While there are some differences among them, 1 include 
all under the Malekula. 
The drawing of continuous figures is tightly enmeshed in the Malekulan ethos. 
Many of the figures are named for flora and fauna in the local environment but 
several are related to important myths and rituals. In addition to illustrating 
myths, there are even myths in which the drawing concept plays a significant role. 
Furthermore, the collection of figures is rich in detail due to the meticulosity of 
one of the collectors. A. Bernard Deacon, with an eye and insight that were 
especially rare in the 192Os, noted in a letter to his mentor, “I have collected in 
Malekula . . . some cases of a remarkable mathematical ability. I hope, when I 
get my material together, to be able to prove that the native is capable of pretty 
abstract thought” [Deacon 1934b, xxiii]. One of the “important new things” he 
saw as mathematical was a complex drum signaling system based on identifying 
rhythms for each clan, rank, grade of pig, and certain special phrases which were 
combined to uniquely identify each person and transmit entire messages under- 
stood by all of the adult males. Another was a complicated six-class marriage 
system whose logic the elders could explicate with diagrams drawn in the sand. 
And, the third was “the amazingly intricate and ingenious” geometrical-figure 
drawings [Gardiner 1984, 441 [l]. Deacon died of blackwater fever while awaiting 
transportation home from his 2 years of field work on Malekula. Fortunately, his 
mentor and a fellow graduate student saw to it that his field-notes, including 91 
annotated figures, were published. For our analysis, these notes are particularly 
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useful; they probably carry more primary drawing information than would a fin- 
ished and polished ethnographic report. The drawings, called nitus [2], are exe- 
cuted in the sand by men and knowledge of them is handed down from generation 
to generation. Often a framework of a few horizontal and vertical lines or rows of 
dots precedes the drawing but is not considered a part of the figure and, occasion- 
ally, lines for tails or such are added at the end [3]. The figure is to be drawn with a 
single continuous line, the finger never stopping or being lifted from the ground 
and no part covered twice. If possible, the figure is suon, to end at the point from 
which it began [Deacon 1934a]. For the majority of recorded figures, the exact 
order and direction in which the edges were covered has been included. This 
crucial information enables an analysis that goes beyond generalities and beyond 
the external features of completed figures. We are able to examine actual drawing 
procedures and elaborate their means of creating visual symmetry, their system- 
atic tracing procedures, and what I will term a process algebra. 
The pervasive aspects of life in Malekula that will appear in descriptions of the 
nitus are graded societies and pigs. The graded societies define a person’s rank in 
the overall society. Men’s societies have from 10 to 30 ranks within them; wom- 
en’s societies are less elaborate with only about 3 to 5 ranks. Each rank confers 
certain privileges including designs and ornaments that one is allowed to wear and 
places one is allowed to sit. Each advance is achieved through the construction of 
monuments and wooden drums, various payments, sacrifices of tusked pigs, and 
the performance of ritual acts. Advancement is accompanied by public dancing 
and feasting ceremonies. Passage from rank to rank becomes progressively more 
difficult and indicates an increase in power, influence, fertility, and the aid of 
supernatural beings. The acquisition and breeding of tusked pigs is of great impor- 
tance because they are needed in most ceremonies and rituals and they serve as 
payment for special services by sorcerers or craftsmen [Deacon 1934b; Gather- 
cole 1984; Lane 1965; Layard 19281. 
Among the Malekula, passage to the Land of the Dead is dependent on figures 
traced in the sand. Its exact place, its entrance, and who guards the entrance vary 
with the locale but generally the entrance is guarded by a ghost or spider-related 
ogre who is seated on a rock and challenges those trying to enter. There is a figure 
in the sand in front of the guardian and, as the ghost of the newly dead person 
approaches, the guardian erases half of the figure. The challenge is to complete the 
figure which should have been learned during life and failure results in being eaten 
[Deacon 1934a,b; Lane 19651 [4]. In another myth, the origin of death among 
humans is described. The myth centers around two brothers Barkulkul and Mare- 
lul who came to earth from the sky world. (They are two of five brothers collec- 
tively referred to as Ambat.) One day Barkulkul went on a trip but before doing so 
he took the precaution of enclosing his wife so that he would know of any in- 
truder. In one version he uses a vine to make a spiderweb-like design on the 
closed door of the house; in another he loops a string figure around his wife’s 
thighs. Marelul visits her during Barkulkul’s absence and then improperly re- 
places the vine or string. Upon his return Barkulkul goes to the men’s house and 
208 MARCIA ASCHER HM 15 
challenges all the men to draw figures in the ashes on the floor. Marelul’s figure 
gives him away and Barkulkul kills him. Eventually Marelul returns to life but 
smells so badly from decay that others avoid him. He returns to the sky world 
where there is no death. Those that remained on earth are the ancestors of men 
who work for sustenance and eventually die [Lane 1965; Tattevin 19291 [S]. These 
tales are, of course, translated but, nevertheless, give us the indigenous compari- 
sons of floor-drawings, string figures, and spiderwebs [6]. Some aspects of these 
tales are the subject of several figures. More significant, however, is that the tales 
emphasize the need to know one’s figures properly and demonstrate their cultural 
importance by involving them in the most fundamental of questions-mortality 
and beyond death. 
Beginning with the least complex nitus, Table 1 lists those that are simple closed 
curves and Table II those that are regular graphs. A regular graph has all vertices 
of the same degree and the graph is then said to be of that degree. Figure 5 shows 
some of the simple closed curves and Fig. 6 shows some of the regular graphs 
associated with the aforementioned myths and societies. Among the regular 
graphs, there is only one pair, Figs. 6d and 7a, that is isomorphic. All are continu- 
ous except for those such as Fig. 7b (items 21. 22, and 28) which are pairs of 
continuous disjoint figures. With the exception of one of these (item 28). all the 
regular graphs are of degree four. Figures 7a and 7b are two of a group of four 
quite similar figures. Figure 7a has six “dwarfs”; each half of Fig. 7b has 10 
TABLE I 
SIMPLE CI.OSED CURVES” 
Text fig. Item Source Locale Visual sym. 
4a 1 
4b 2 
4c 3 
5a 4 
5b 5 
5C 6 
Sd 7 
8 
9 
IO 
Bl 
N2 
Nl 
D70 
D61*: L73b 
D64*: L74 
DSO 
DlO 
D73 
F4 
Tanga off N. Ireland 
1 
Namatanai. 
N. Ireland 
M(k) 
Ambrym: Vao 
M(La): Vao 
M(S) 
M(S) 
Omba 
N. Pentecost 
D(N) 
D 
D 
D 
D 
D(N) 
D 
D 
s 
D(N) 
u The tables include the figures collected in New Ireland/Vanuatu. The collectors are Bell (B), 
Deacon (D), Firth (F). Hardacre (H), Layard (L), and Neuhaus (N). In all, the collections are Bl [Bell 
19351; Dl-91 [Deacon 1934aJ; Fl-4 [Firth 19301: H2-3 [Haddon 19341; L64-70,73-78 [Layard 19421; 
and Nl-2 [Bell 19361. D4, 16-18. 29-31, 76, and L75 have been omitted as they are quite different in 
concept; D27. 56, 85, 86. Fl, and L76 have been omitted because of lack of clarity or inconsistencies. 
M(La), M(Lg), M(M), and M(S) signify Lagalag, Lambumbu, Mewun, and Seniang on the island of 
Malekula. A question mark indicates uncertainty on the part of the reporter. The types of symmetry 
indicated are single central axis of reflection only (S); a pair of central perpendicular axes of reflection 
(D); 180” rotation around a center point only (R); and 90” rotation around a center point (N). D(N) 
indicates that both descriptors are appropriate. When a nitus has more than one collector, an asterisk 
indicates the source of the description used in the text. 
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TABLE II 
REGULARGRAPHS" 
Text 
fig. Item Source Locale 
11 L69 
12 L70 
13 D5 
14 D6 
15 Dl I[101 
9 16 D14 
17 D40 
18 D42 
19 D43 
7a 20 D47 
7b 21 D48 
22 L77; L78 
6a 23 D52 
6d 24 D54 
6c 25 D57 
26 D63 
6b 27 D67 
28 D71 
8 29 D81 
12 30 D87 
31 D89 
32 D91 
u See footnote a of Table I. 
Atchin 
Atchin 
M(S) 
M(La)? 
M(La)? 
M(La or Lg) 
MCI-g)? 
M(Lg)? 
M(Lg)? 
Ambrym 
M(Lg) 
Vao; Atchin 
M(S) 
M(S) 
M(S) 
M(S) 
M(M) 
M(La or Lg)? 
M&a) 
M(M or S) 
M(M or S) 
M(Lg)? 
Course 
noted? 
No. of 
vertices 
No 1’ 
Yes 181 
Yes 15 
Yes 8 
Yes 9 
Yes 76 
Yes 5 
Yes 16 
Yes 24 
Yes 2 
No 8 
No 6 
No 16 
No 2 
No 32 
No 73 
No 28 
Yes 4 
Yes 61 
Yes 48 
Yes 49 
No 4 
Degree 
Visual 
sym. 
4 D 
4 D 
4 s 
4 D 
4 D 
4 None 
4 S 
4 D 
4 D 
4 D 
4 D 
4 D 
4 D 
4 D 
4 D 
4 S 
4 D 
1 D 
4 S 
4 D 
4 D 
4 D 
“men”; and each half of those in item 22 has 8 “men,” While Fig. 7b is de- 
scribed as two sets of men battling each other, item 22 in one locale is two groups 
of men arranged along opposite sides of the road waiting for the enemy and, in 
another, is children fighting. This group exemplifies the unity of the drawing 
tradition in the Vanuatu islands: the nitus are from Ambrym, Lagalag on Male- 
kula, Vao, and Atchin. 
Several of the regular graphs (items 12, 15, 16, 26, 29, and 31 in Table II) are 
lattice-like and the drawing procedures used are quite systematic. In Fig. 8, a nitus 
is accompanied by what I define as its fundamental drawing units (dr, ur, ug, dg, g, 
d, u, gp, gg). In terms of those units, the procedure by which the figure is traced 
can be stated as the following algorithm: 
Set i = 5 
Step A Do i dr’s then 1 gp then 5-i ur’s 
If i = 0 do gg and stop, otherwise continue 
Do 1 u then i-l ug’s then 1 g then 5-i dg’s then Id 
Replace i by i-l and return to step A 
b. 
c. d. 
FIG. 5. Simple closed curves. (a) Ambat. trying to sharpen a stone on the seashore, being pushed 
back by the incoming tide (item 4, Table I). (b) Associated with a secret society (item 5). (c) Refers to a 
tree associated with the rites of another of the societies (item 6). (d) A ghost (item 7). 
b. 
d. c. 
FIG. 6. Regular graphs of degree four. (a) The path that must be completed to get to the Land of the 
Dead (item 23, Table II). (b) A flower headdress, first made by Ambat, worn in a funeral ritual (item 
27). (c) Related to two secret societies and women’s initiation rites (item 25). (d) Three sleeping ghosts 
(item 24). 
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a. b. 
FIG. 7. A related pair of regular graphs. (a) Six dwarfs (item 20, Table II). (b) The fight between some 
men of Ambrym and some men of N. Pentecost (item 21). 
For another, the procedure systematically involves two larger basic drawing units 
which are modified near the edges of the figure. The modification is also system- 
atic. Figure 9 shows the nitus as well as the drawing units X and Y and their 
modifications X’,Y’ and X”,Y”. In terms of these units, the drawing procedure is 
XY”XY’XYXYXYXYX’YX”Y with the last stroke of the last Y being replaced by 
a right sweep back to the start. (This figure is the only regular graph that lacks 
symmetry. As Fig. 9 shows, that is solely due to the angle at which the bird 
feathers are drawn.) 
Before leaving the regular graphs, a process algebra is introduced. The algebra 
enables succinct statements of the drawing procedures. The very fact that the 
Malekula drawing procedures lend themselves to such a formulation emphasizes 
their essentially mathematical nature. An elementary process is defined as the 
way in which a procedure for drawing a curve segment is modified when continu- 
ing on to draw the next segment. If, beginning from the end of A, the same 
procedure is used and another segment is drawn, the elementary process is iden- 
tity and the overall procedure would be AA. If, however, when drawing the 
second segment every motion in A is replaced by its reflection across a vertical 
line (that is, all moves right becomes moves left and vice versa with all other 
motions unchanged), the elementary process is a vertical reflection and the overall 
procedure is AAv. It is extremely important to note that the process of vertical 
reflection does not lead to what we usually identify as vertical reflection primarily 
FIG. 8. A lattice-like graph and its tracing units. The name of the nirus is untranslated (item 29, 
Table II). 
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FIG. 9. A lattice-like graph and its tracing units. The nest of the hawk with the eggs in the middle and 
the tail feathers projecting at the bottom (item 16. Table II). 
because the second segment begins where the first ends. The elementary pro- 
cesses are no change or identity (I); reflection of motions over a vertical line (V) or 
over a horizontal line (H); and rotations through 90”, 180”, and 270” (N,_R, T). 
Each of these can be, but need not be, simultaneous with inversion ( ). By 
inversion is meant a reversal of the drawing procedure; whatever motion was last 
becomes first and so on until the first comes last. There are, therefore, 12 elemen- 
tary processes as illustrated in Fig. 10. Observe, for example, that what-usually 
appears as a reflection across a single line is due either to following A by An or to 
Axv and what usually appears as 180” rotation is due either to AA or AAR. With 
inversion, the rotation point of the figure is at the junction of the initial segment 
and its inverse while with rotation it is at the midpoint of the line joining the initial 
point and junction point. Any procedure A followed by another procedure, say 
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AA” AX, AX, AX, 
Ftc. IO. The elementary processes. 
AN, is, of course, a new procedure B = AAN. The procedure Bs, for example, 
could also be viewed or written as (AA& or as ARAT. A product table for the 
subscripts is in Fig. 11. In general, subscripts are unaffected by inversion so that 
& = (A)r = (Ap) for P = I, V, H, N, R, T. It is also important to note that (AB) = 
BA [7]. Returning to look at one more nitus that is a regular graph (Fig. 12b), an 
initial procedure A is identified (Fig. 12a) as is the complete graphing procedure 
AAaAv An = (AAa)(AAa)V. The earlier figures can also be stated in terms of these 
processes; for example, Figs. 5a, 5b, and 5d are each X&. 
The visual complexity of the nitus increases as we move beyond the regular 
graphs. Table III summarizes the 30 nitus that are irregular graphs with only 
vertices of even degree. For these graphs the number of vertices vary considera- 
bly (3 to 93) but their maximum local degree is fairly consistent (53% with degree 
INRTVH 
I 
I - 
N 
I I - 
R 
FIG. 11. Process product tables. Note: HN = NV = TH = VT = Y; NH = VN = HT = TV = X; all 
other products are commutative. Also & = (Ap) for P = I, N, R, T, V. H. 
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S 
A 
F 
\ 
a. b. 
FIG. 12. A regular graph and its initial procedure. (a) Procedure A. (b) The result of AAsAy Au. (A 
goes from S to F, AR from F to S, Av from S to F, and Au from F to S.) The nitus is untitled (item 3. 
Table II). 
TABLE III 
IRREGULAR GRAPHS WITH VERTICES OF EVEN DEGREE” 
Text 
fig. Item Source 
13 
16a 
18 
16b 
15 
14 
33 Dl M(M or S) 
34 D2 M(M) 
35 D7 M(S) 
36 D9 Ambrym 
37 D13 M(S) 
38 D20 Ambrym 
39 D21 M(S) 
40 D22 M(S)? 
41 D23 MWkLa) 
42 D26 M(S) 
43 D35 M(La) 
44 D36 Ambrym 
45 D39 M(La) 
46 D41 M(S) 
41 D45 M(La or Lg) 
48 D49 M(La)? 
49 D51 M&a) 
50 D55 MtLa) 
51 D58 M(La) 
52 D59 M(La) 
53 D62 Ambrym 
54 D65[10] M(S) 
55 D66 M(S) 
56 D69 M(La) 
57 D79 M(S) 
58 D80 MtLa) 
59 D88 MC3 
60 D90 Ambrym 
61 F2; H2 N. Pentecost 
62 F3*; H3* N. Pentecost 
Locale 
Course No. of 
noted? vertices 
Yes 10 
Yes 9 
Yes 3 
Yes 30 
Yes 25 
Yes 29 
Yes 31 
Yes 34 
Yes 12 
Yes 16 
Yes 9 
Yes 2913 1 
Yes 9 
Yes 12 
Yes 25 
Yes 16 
No 14 
Yes 93 
Yes 19 
Yes 64 
Yes 57 
Yes 16 
Yes 16 
No 15 
Yes 41 
Yes 25 
Yes 3 
Yes 15 
Yes 14 
Yes 1.5 
Max. 
degree 
- 
Visual 
sym. 
14 D 
12 D(N) 
10 S 
12 S 
12 D 
12 S 
12 D 
12 R 
10 S 
IO D 
16 S 
12114 S 
12 D 
10 S 
12 S 
12 S 
8 D 
12 D 
12 S 
12 D 
12 D 
10 D 
8 D 
8 D 
8 D(N) 
12 S 
8 D 
8 None 
10 D 
12 D 
0 See footnote a of Table I. 
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6 2 
a. 
b. 
FIG. 13. A yam (item 34, Table III). (a) Procedure A. (b) The result of AANARAT. (A goes from S to 
F, AN from F to B, AR from B to D, and AT from D to S.) 
12 and 40% with degree 8 or 10). A definitive assessment of symmetry can be 
made because exact drawing procedures are available. More than being our con- 
cept imposed externally and after-the-fact, symmetry can be seen to be the result 
of intentional procedures. Further, the procedures enable distinction of the visu- 
ally ambiguous case of double axis reflection into coupled reflections or reflection 
coupled with 180” rotation. Combining the 30 nitus of Table III with the earlier 
nitus, there are but two of 59 with no visual symmetry (and one of them is Fig. 9). 
Symmetry with respect to only a single axis is seen in 16 of them. With one 
exception, the rest (68%) show double axis symmetry. Four of them show 90 
rotational symmetry as well and the single exception shows 180” rotational sym- 
metry without double axis symmetry. The nitus with specified courses that are 
said to show fourfold rotation indeed are traced by the Malekula using just that. 
For example, in Fig. 13, calling the initial procedure A, the complete procedure is 
AAN ARAT = AAN[(AN)NI[(AN)NIN. 
Before discussing additional nitus, another important part of Malekula proce- 
dures needs be introduced. Most of the more elaborate figures are traced in two to 
four stages, that is, a continuous figure (usually cyclic) is drawn and then another, 
picking up from its endpoint, is drawn superimposed, and so on. Thus, each is a 
continuous figure in and of itself as is the total final figure. The interrelationship of 
the stages implies careful planning and a clear vision of the final goal. (In order to 
more fully savor the ideas of the Malekula, the reader is encouraged to try to trace 
some of these nitus without looking at the Malekula procedures. Then trace some 
of them using the Malekula procedures. Not only did I find their conceptions 
different from my own, but I found many of their procedures quite graceful.) 
Figure 14 involves four stages: stage 1 is A& stage 2 is BB; and stages 3 and 4 
are Cc and DB. In this example, visual rotational symmetry is the result of 
inversion and, although reflection is not one of the processes in any of the stages, 
it does result from their combination. Figure 15, on the other hand, includes 
reflection as well as rotation. It is a three stage procedure which can be summa- 
rized as AARBBRCCR where A = XXVYYH. 
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c d 
FIG. 14. A turtle (item 62. Table III) [8]. (a) Stage 1 with procedure Ax begins at S and ends at F. (b) 
Stage 2 with procedure BB begins at F and ends at S. (c) Stage 3 with procedure Cc begins at S and 
ends at F. Stage 4 with procedure DB begins at F and ends at S. (d) The complete path begins and ends --_- 
at S with procedures AABBCCDD. 
Each figure requires its own analysis but, upon so doing, sets with similar stages 
emerge. The figures look different when completed but have similar components 
or sufficient similarity to imply that a significant aspect of the drawing knowledge 
is a vocabulary of stages and how to vary and combine them. A pair of nitty 
exemplifying this is shown in Fig. 16. They are from different islands and so 
cannot be the work of one person. The first nitus has three stages and an unnum- 
bered coda [9]; the second has three stages. Their stages (Figs. 17a and 17b) show 
considerable consistency but the differences in the final figures can be seen to 
result from subtle differences in each of the stages. In both, the procedure for 
stage 1 is (AAv)(AAV)n with A of the second being simply an elongated, horizon- 
tally reflected version of the first. Similarly, both stage 3’s are Xxv where the X’s 
differ a bit more but also by elongation and vertical reflection. Stage 2 in the first is 
the procedure BBrBR(BNtruncated) and in the second is B*(Brtruncated)*(Ba) 
(BNtruncated)* where the asterisk denotes a version that is elongated, vertically 
reflected, and slightly more angular. Another pair (items 39 and 40 in Table III) is a 
depiction of a fish in one and, in the other, two of the same type fishes side-by- 
side, slightly overlapped, and head to tail. The drawing procedure in the first is 
three stages, (A&)(A&r)V, BBR, Cc,, and then a short connecting link. In the 
second there are three comparable stages but they are DDs, EER, and FFs. The 
stages are comparable in that stage-by-stage each in the second is essentially 2 of 
that in the first elongated and then rotated 180”. The second is the single nitus 
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b. 
d. 
FIG. 1.5. A three stage tracing. (a), tb), and (c) are stages 1,2, and 3. Each stage begins and ends at S 
and has Q as its point of rotation. (d) The complete procedure is AARBBRCCR where A = XX,YH,. 
(X is segments I-3 and Y is segments 8-l I. j The nifrrs (item 54, Table III) has three different names: 
the stone of Ambat; and two others that refer to a story in which a mythical person attempts to kill and 
eat the Ambat brothers. 
FIG. 16. (a) The banana stump (item 36, Table III). (b) The flower of a sacred tree (item 51. Table 
III). 
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3. 
FIG. 17. (a) The stages of Fig. Ma. (l)-(4) are the three stages and coda of Fig. 16a. Stage I is 
!AAV)(AAv)H where A is segments l-5 and stage 3 is Xxv with X similarly labeled. Stage 2 is 
BBTBR(BN truncated) with B labeled 1-9. (b) The stages of Fig. 16b. (l)-(3) are the three stages of Fig. 
16a. As in Fig. 17a, stage 1 is (AAv)(AA,), where A is segments l-5 and stage 3 is Xxv with X 
similarly labeled. Stage 2 is B*(BTtruncated)*(BR)*(BN truncated)* where the asterisk denotes a ver- 
sion of B that is elongated, vertically reflected, and slightly more angular. B* is labeled l-9 as is B in 
Fig. 17a. 
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FIG. 18. Two fishes (item 40, Table III). The tracing course has three stages: DDR, EER, and FFR. 
showing 180” rotation without double axis reflection. Its description confirms that 
visual and processual rotation were consciously and intentionally done (see Fig. 
18). And, the stage-by-stage modification corroborates our statement of the exis- 
tence of stages. The first in this pair has another peculiar feature: it is one of the 
only two discontinuous nitus in Table III. In both (items 39 and 38 in Table III) the 
discontinuity occurs where one stage ends and another begins and, after the 
completion of the three stages, each requires a connecting link to return to where 
the drawing began. This further suggests that these were learned by stages which 
were, perhaps, improperly combined. 
Another anomalous nitus (item 44 in Table III) is one that involves erasure. Its 
description is “Rat eats breadfruit half remains.” A continuous cyclic path de- 
scribed as a breadfruit is traced in two stages. Then a third cyclic stage begins 
along the same path as the first and, thus, retraces some of the lines already 
drawn. The retracing is described as a rat eating through the breadfruit. Using the 
third stage figure as a boundary, everything below that is then erased as having 
been consumed, The importance of this story is that it highlights that normal 
tracing without backtracking is done intentionally and knowledgeably. By con- 
trast, in this case where retracing of lines does occur, it carries forward a story 
about an already completed figure and has the intention of destroying parts of the 
figure. 
The graphs with vertices of odd degree are summarized in Table IV. For those 
that have more than two odd vertices (items 81 to 93), there is clearly no attempt 
to draw the figure with a minimum number of continuous lines. So, although 
included in the table, there will be no further analysis of them. There are only 2 of 
the 18 with just two odd vertices that use more than one continuous line and they 
share the peculiar property of having the same name as another nitus. Item 78 
shares the name and overall visual impression of item 38, one of the two even- 
degree nilus previously cited as discont@tous._Again, the discontinuity is relat- 
able to its staged tracing: its stage 3 is XXn but Xu does not begin where X ends. 
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TABLE IV 
GRAPHS WITH VERTICES OF ODD DEGREE” 
Text 
fig. Item Source Locale 
63 
64 
22b 65 
22a 66 
67 
22c 68 
69 
70 
71 
19 72 
20 73 
74 
75 
76 
77 
78 
79 
80 
28 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
D37 Ambrym 
D38 M(S) 
D72 Omba 
D83 MtLg)? 
L66a Atchin 
L67a Atchin 
D74 Omba 
D7S Omba 
D77 Omba 
D78 Omba 
L64 Vao 
L65 Atchin 
DIS Ambrym 
D32 M(La or Lg) 
L68 Vao 
D19 MtLa) 
D84 MtLgP 
D12[10] M(S) 
D71 M(La or Lg) 
D60 M( La)? 
D34 M(S) 
D33 MtLa or Lg) 
D3 M(S) 
D25 M(La or Lg) 
D44 M(S & La) 
D53 MtLa) 
D24 M(S) 
D46 Ambrym 
D8 M(S) 
D68 M(M) 
D82 M(S) 
D28 M(S) 
Course 
noted? 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes? 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Ye5 
No 
Yes? 
No 
No 
Yes 
Yes 
Yes 
No 
No 
Yes 
No. odd No. even No. cont. Visual 
vertices vertices lines 
~__ 
211 I] 39 1 
2 38 I 
2 19 1 
2 37 I 
3 134 I 
2 54 I 
2 371 1 
2 203 I 
2 243 1 
2 144 I 
2 0 I 
2 0 1 
2 48 I 
2 2 I 
2 20 I 
2 22 3 
2 30 2 
2 5 ‘7 
4 0 2 
4 26 3 
4 II 4 
4 22 5 
4 21 9 
4 42 ‘I 
4 24 ? 
4 10 ‘1 
6 II 4 
6 I? 4 
6 14 6 
6 47 ‘, 
8 9 ‘, 
16 13 II 
___.- 
sym. 
S 
None 
None 
S 
None 
None 
None 
None 
None 
None 
None 
None 
S 
None 
None 
S 
None 
None 
D 
D 
S 
D 
S 
S 
S 
S 
S 
S 
S 
None 
S 
D(N) 
I’ See footnote a of Table 1. 
Item 79 shares the name of item 66 and was, in fact, drawn by the same person. It 
is one of the very few nitus that gives a messy visual impression leading me to 
believe it is an inept version of his intended figure. 
Within the graphs with a pair of vertices of odd degree, one set of four nitus 
(items 69-72) are distinct from all the others. The set comes from one place, the 
island of Omba, and so may be a local occurrence. (It does not characterize Omba 
as other nitus from there are not of this type.) The set of nitus all have, first of all, 
a pair of odd vertices and no symmetry. Further, for each a basic procedure is 
repeated within or around itself getting either smaller and smaller or bigger and 
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a. b. 
FIG. 19. Nest of the Ram* bird (item 72, Table IV). The basic procedure in (a) is successively 
repeated within itself to form the nitus in (b). 
bigger until it can continue no further. Figure 19 shows one of these nitus with its 
basic procedure. As is the case with each in the set, the basic procedure lacks 
symmetry only because of its size modification on its very last step. The four nit~s 
in the set have some similarity of description: the one shown is the nest of the 
burrowing Ram5 bird, another the nest of the Tarong pigeon, the third a pigeon’s 
breast, but the fourth is a plaited coconut mat. Another set of nitus with a pair of 
odd vertices each (items 73-74) are closely related in characterization; they, too, 
each have a basic, almost symmetric, procedure repeated within or around itself 
getting either progressively smaller or larger. They differ, however, in that the 
repetitious procedure never crosses a previously drawn line and there is no neces- 
sary termination. As a result, the completed figures are less visually complex (see 
Fig. 20). One nitus in this set is from Vao and the other from Atchin but each 
F 
+ 
S 
a. b. 
FIG. 20. A type of yam (item 73, Table IV). The basic procedure in (a) is successively repeated 
around itself to form the nitus in (b). 
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AB ASB AABB AASBB 
FIG. 21. Ladders of circle-like units. The basic procedures S, A, and B are combined into ladders of 
n circle-like units. For n even, a ladder of n units has n/2 A’s followed by n/2 B’s and, for n odd, an S is 
inserted between (n - I)/2 A’s and (n - 1)/2 B’s, The subscripts denote the order in which the units 
are initiated. 
represents a variety of yam. These six nitus, now from three different islands, 
taken together, show the general tracing concept of an iterated procedure com- 
bined with systematic size modification. 
Another group of nitus that form a set are items 63-68 in Table IV. The set is 
characterized by a drawing procedure that can give rise to a wide variety of 
figures. The nitus come from at least four different islands (Omba, Atchin, Am- 
byrm, and Malekula) and have descriptions that are quite diverse: a rat’s track; a 
pig’s head; a type of nut; the mark of the grandmother: octopus, food of the 
ghosts; and the stone on which is seated the ghost guarding the entrance to the 
Land of the Dead. The procedure uniting them can be defined in terms of three 
idealized basic procedures, S, A, B, shown in Fig. 21. One circle-like unit is S 
alone, a “ladder” of two circle-like units results from AB, a three unit ladder from 
ASB, a four unit ladder from AABB, and, in general, an 12 unit ladder from n/2 A’s 
followed by n/2 B’s for n even and, for n odd, an S is inserted between (n - 1)/2 
A’s and (n - I)/2 B’s. These ladders can be linked together in different ways: one 
nitus is the systematic connection of consecutively larger ladders (S, AB, ASB, 
AABB, AASBB) followed by consecutively smaller ladders (AABB, ASB, AB, S) 
resulting in a square array of circle-like units and another nitus is a rectangular 
array resulting from the systematic linkage of S, AB, AB, AB, AB, AB, AB, S. (In 
Figs. 21 and 22, in order to identify the ladders on the nitus, each of the circle-like 
units is labeled ij meaning the ith ladder drawn in a specific nitus and thejth unit 
initiated in that ladder.) The other four nitus in the set are essentially the same 
except that they are built up from rotated versions of the three basic procedures. 
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a b. c 
FIG. 22. Nitus of linked ladders. (a) The mark of the grandmother (item 66, Table IV). (b) A type of 
nut (item 6.5). (c) The stone of a guardian ghost (item 68). Unit ij is the jth unit initiated in the ith ladder. 
And, all of them differ slightly on their first and/or last few steps. Stylistically, 
although not procedurally, the two nitus in the set from Atchin are distinct from 
the others; they show a greater number of intersections because of the way con- 
secutive ladders are overlaid (compare Figs. 22b and 22~). This use and transmis- 
sion of a few basic procedures, standard processes to modify them, and the 
diverse yet systematic incorporation of them into larger procedures, is a clear 
example of abstraction within the nitus tradition. 
The considerable majority of continuous nitus with a pair of odd vertices are 
within the sets just discussed (12 out of 15). They share the characteristics of 
internal repetition of procedure and of being completed in a single stage. That is, 
they are different in kind from those solely of even degree. Furthermore, a pair of 
odd vertices in a graph can be nonessential by which I mean that a line can be 
drawn connecting the odd vertices without involving any other vertices or inter- 
secting any edges of the figure. (Figure 23 contrasts essential and nonessential odd 
vertices.) Here all but one are essential, setting the odd-degree graphs still further 
a b. 
FIG. 23. Contrasting odd vertices. (a) A and B are an essential pair of odd vertices. (b) C and D are a 
nonessential pair. 
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from those of even degree. Symmetry is another large difference: among nitus of 
even degree, whether regular or irregular, only 2 out of 52 lack visual symmetry; 
for these 1.5, only 3 clre symmetric. Thus, the graph theoretic distinction between 
even-degreed graphs and those with a pair of vertices of odd degree is, in fact, 
correlated with a substantial division within Malekula nitus. 
Reviewing as a whole the corpus of 90 nitus that has been presented, several 
summary statements can be made. (1) A dot or line framework is used in most of 
the nitus. There is consistency in the use of dots for simple closed curves (the 
single exception is the one from N. Pentecost). Then, for the regular graphs, some 
use dots, some lines, some both, and some neither. The large majority of the rest 
use a few perpendicular lines. The type and use of frameworks may be associated 
with place or vagaries of recording. For example, different frameworks were 
reported by two collectors of the same nitus (items 60 and 61) and the odd-degree 
graphs not using perpendicular lines are confined to two locales. In any case, the 
framework may aid in drawing but is not an intimate part of the figures nor does it 
predetermine the figure. (2) Symmetry is obviously of considerable importance. 
Eight-one percent of the nitus have some form of visual symmetry and those that 
are not are mainly (82%) among the graphs with a pair of odd vertices. Those with 
visual symmetry show reflection with respect to a pair of perpendicular axes 
(indistinguishable from reflection with respect to a single axis coupled with bifold 
reflection) and, secondarily, reflection with respect to a single axis only (59 and 
40%, resp.). Included with the former are 7% which also show fourfold rotation 
and, in addition to these, a single nitus shows bifold rotation without reflection. As 
has been discussed, the symmetry observed in a completed figure need not imply a 
symmetric mode of tracing. The procedures for the nitus, however, do indeed 
involve horizontal and vertical reflections and bifold and fourfold rotations, thus 
supporting the conclusion that the visual symmetries were conscious goals of the 
Malekula. (3) For the 15% of nitus in our corpus that cannot be drawn with one 
continuous line, the number of lines actually used show no particular pattern. Of 
those for which it is possible to use a single continuous line and the courses are 
known, 94% actually were traced that way. This observation coincides with the 
stated intention of the Malekula. (4) Another stated intention is, if possible, to end 
where one began. Of the 59 nitus where that is possible and the courses are 
known, 96% do just that. And, (5) backtracking was consciously avoided as un- 
derscored by being associated with erasure in the case where it occurs. 
Even within the Malekula’s self-imposed constraints of symmetry, continuous 
paths, and cyclic paths, the tracing of any graph that has even a moderate number 
of edges and vertices can be done in many different ways. A path need not be 
traced systematically or, if systematic, there are many different systems possible. 
For a collection of 90 graphs, there need be no rhyme or reason to the assortment 
of paths used. The Malekula tracing of nitzrs, however, is far more structured and 
mathematical. Basic procedures are combined and/or transformed into other pro- 
cedures in ways that are both general and systematic and amenable to concise 
representation. One systematic mode of combination was described by an algo- 
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rithm containing a loop which incremented a single parameter; another was sys- 
tematic repetition of three basic procedures to form ladders with different num- 
bers of circle-like units which were then systematically formed into rectangular 
arrays. A general tracing scheme is the use of stages for the more complicated 
nitus where the stages are essentially subgraphs with constraints similar to the 
graphs themselves. Over and above all of these, and used alone or in conjunction 
with them, are the transformations described as the set of processes including 
rotation, reflection, and inversion and the similitude transformation by which the 
size of the shapes are diminished or enlarged. The elements of this overall system 
are procedures for shapes made up of curved and straight line segments; the 
transformations modify the direction or order in which the procedure is carried 
out or its scale. The procedures and transformed procedures are variedly yet 
systematically combined with larger procedures, that is into paths that trace the 
corpus of nibs. 
3. CONCLUSION 
In discussing ethnomathematics, Ascher and Ascher [ 19861 pointed out that the 
category mathematics is our own and so we cannot expect to find anything so 
labeled by other peoples. Mathematical ideas, however, are found implicit in 
areas and activities which depend on what a particular people thinks about. The 
Malekula nitus have been presented as a case study in ethnomathematics: cultural 
context, structural analysis, and associated geometric or topological ideas for 
which there is clear evidence of Malekula concern have been included. The math- 
ematical ideas are part of daily life but their elaboration by the MaIekula far 
exceeds practical necessity. The study provides a view of some graph theoretic 
considerations of other peoples. As such, it adds to the breadth and richness of the 
history of such considerations and, if nothing else, should add to our appreciation 
of the mathematical ideas of others. 
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NOTES 
1. For details of drum signaling see Deacon [1934b] and for details of kinship system see Deacon 
[I9271 or Ascher and Ascher [1986]. 
2. The term nitus is derived from the verb PUS, to draw or paint. It is also used by missionized 
Malekulans to refer to European writing [Deacon 1934a, 1311. 
3. For visual and descriptive clarity, I will usually omit the framework of lines and added end frills. 
4. As noted by Camilla Wedgwood [Deacon 1934b. 5551, since women are not taught to draw these 
figures, it is unclear how they get to the Land of the Dead. 
5. Another similar story has different central characters and ends with the wife leaving with the 
resurrected visitor. In it, rather than a vine or string figure. the visitor draws a figure in the sand with 
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his arrow [Guiart 19511. It is important to note that despite the variations, always present is the 
husband’s challenge to the visitor to draw a figure on the ground and the visitor so doing. 
6. Guiart [1951,79] further notes that the string figures, which are made by adults, are designated by 
the same term as the sand drawings. 
7. Stiny and Gips distinguish between the constructive and evocative modes of aesthetic descriptive 
systems: “In the evocative mode, these patterns, regularities, or structure are characterized descrip- 
tively in terms of formal attributes of the object. for example, symmetry, balance, or cursiveness. In 
the constructive mode, these patterns, regularities, and structures are encoded as rules of construction 
or principles of organization” [1978, 961. Our formulation is, then. in the constructive mode. Our 
process algebra is similar in intent to their generative algebra. It “gives all the information needed to 
construct a picture in terms of rules for generating the picture” [1978. 1241. By contrast, however, here 
the “vocabulary” is made up of procedures for creating basic shapes rather than the shapes them- 
selves and our “rules” modify the procedure rather than specifying the resultant shapes. The applica- 
tion of their rules, nevertheless, requires that geometric transformations be found and applied. Al- 
though our aim is not to evaluate the nirus as art, a concluding statement by Stiny and Gips seems most 
appropriate to them: “We believe that painting and sculpture that have a high visual complexity which 
does not totally obscure an underlying specificational simplicity make for good art objects. The use of 
the words ‘beautiful’ and ‘elegant’ to describe computer programs. mathematical theorems. or physi- 
cal laws is in the spirit of this aesthetics-parsimonious specification supporting complex phenomena” 
[1972, 1461. 
8. To avoid making comments about trivial differences, 1 smoothed the tail to conform to the head. 
9. The coda, common to many of the figures. is referred to by the Malekula as rorn ~~a/ens [Deacon 
1934al. 
10. The nirus in item 54 is also shown in our initial discussion relating Malekula figures to graph 
theory [Ascher & Ascher 1981. 1621. Citing our example of implicit graph theory, Hage and Harary 
[1983] also show the nifus in item 15 and use item 80 as a cover illustration. Later. they include item 15 
in Hage and Harary [1986]. 
Il. In comments on this nitus [Deacon 1934a, 1391, it is noted that a line joining the first and last 
points (the pair of odd vertices) has been added. I have ignored the line as it is unclear whether the 
Malekula or the editor added the line. The editor may have been tempted to do so because, as is 
discussed further ahead, this is the only nitus in which the pair of odd vertices is nonessential. 
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